electrochemical measurements were performed using a SECM setup from CH Instruments (Model #910B, Austin, Texas, USA). Micro/nanoelectrodes were fabricated using 1.0 mm/0.5 mm (inner diameter/outer diameter) borosilicate glass capillaries from Sutter Instruments (Novato, California), 25 µm diameter Pt wires (99.99%, Goodfellow Cambridge Ltd., Huntingdon, England), and a laser puller from Sutter (Model# p-2000, Novato, CA, USA).
Each micro/nanoelelectrode was polished using diamond polishing pads obtained from Precision Surface Instruments Inc. (www.psidragon.com, Houston, Texas, USA). The ratio of external glass diameter to the electrode radius (Rg) was confirmed by performing an approach curve on an insulating glass slide in a 0,1M KCl solution containing 1 mM ferrocenemethanol and compared to theoretical/semiempirical ones.
Approach curves procedure. The UME tip, at large distance from the bead, is held at a potential of 0.3 V vs Ag/AgCl to ensure a mass-transfer limited current recorded at the tip.
Once the current is steady, providing the value of the current at infinite distance for further normalization, the UME is approached at constant rate 1 m/s towards the bead. The origin (d=0) distance for the approach curve was taken according to the small depletion of current (see for example Figure SI4 ). This method appeared to be sufficient in this specific work because the difference of shape between approach curves is important enough. The use of a shear force system or in a much simplest way the use of an irreversible redox probe (however considering its possible permeation in the bead) as proposed by others should be an interesting alternative. 1 Cyclic voltammetry at beads. The penetration of the bead is performed here in a SECM fashion, monitored both optically and electrochemically. Visually, no significant change of Electronic Supplementary Material (ESI) for Chemical Science. This journal is © The Royal Society of Chemistry 2015 the bead size during the penetration could be observed, given the significant difference of size between the bead and the UME. When the tip is approaching and touching the hydrogel bead, a local deformation of the bead is detected optically before the penetration of the bead can be observed. This deformation is reversible if the electrode is retracted before penetration due to the elasticity of the bead. The electrochemical detection of penetration in the bead is demonstrated from the change in the approach curve upon bead-UME contact (see Figure SI4) .
In terms of current modification, no significant change of the voltammogram shape was observed with penetration depth, >50µm, of the electrode inside the bead. It is however important between CVs to settle for several minutes before recording each voltammogram to let the bead reach concentration equilibration.
Alginate/carbon nanotubes beads fabrication and optical image
Components : The multi-walled carbon nanotubes (CNTs) were provided by Arkema (Arkema MWNT 6068). The alginate polymer is Protanal LF200FTS alginate provided by FMC Biopolymer. Sodium dodecyle sulfate (SDS bioXtra, ≥99.0%) and calcium chloride were provided by Sigma Aldrich.
Protocol : 2 wt% of CNTs were dispersed into distilled water with 1 wt% of SDS by sonication for 1h 15. Independently, a 2 wt% of alginate was diluted in water by magnetic stirring for 12 h. Then, the CNT/SDS dispersion and the alginate solution were mixed with water to get the desired formulation with the desired wt% of CNTs. The mixture was dropped into a 1 wt% calcium chloride bath to create hydrogel beads and kept in the bath for 12 h. The hydrogel was finally washed in distilled water for 12 h to remove SDS from the beads.
Before each SECM experiment, the beads were equilibrated in the working solution overnight. -For the bead immersed in aqueous FcMeOH solution, the CV at 50, 100 and 500 mV/s were simulated with a surface area of S = 3.3 +/-0.2 mm 2 and Ru = 8 +/-0.5 10 4 . The simulation of the CV recorded at 10mV/s requires a smaller S=1.8 mm 2 and larger Ru=1.7 10 5 . This discrepancy may reflect the fact that at such slower scan rate the resistivity of the CNT network is too high to sustain charge propagation along the whole diffusive length required for the given scan rate. Similar ohmic drop contribution effect with cut-off distance has been observed during the propagation of charges in carbonized zones generated during fluoropolymer etching. 2 current overflow 5 -The experiment pertaining to the bead saturated with aqueous HQ solution and immersed in DcFc benzonitrile solution was simulated using Ru= 6.5 10 4 for both DcFc and HQ oxidations, and respectively 0.27 and 0.8 mm 2 respective surface area.
2D SECM conductivity images

